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Abstract 
Bread wheat (Ttriticum aestivum L.) is the most important crop in East Gojam Zone and in Ethiopia as well. 
However, its productivity is very low as compared to the productivity of world bread wheat which is attributed 
to poor agronomic practices like inappropriate seeding rate, improper adjustment of row spacing, and other 
factors. Therefore, a field experiment was conducted at Yebo Farmers Training Center (FTC) in Gozamin 
District, in East Gojam zone, during 2015 main cropping season.  Four levels of seeding rates (100, 125, 150, 
and 175 kg ha
-1
) and three row spacings (20, 25, and 30 cm) were tested in factorial arrangement in 
randomized complete block design (RCBD) with three replications. Phenological, growth, yield and yield 
related data were collected and their ANOVA was analyzed using SAS 9.1software. Mean separation for 
significant parameters was done by using least significant difference method. The results showed that almost 
all the agronomic parameters like days to heading, days to physiological maturity, plant height, effective tiller 
numbers, spike numbers, biomass yield, grain yield, thousand kernels weight and harvest index were 
significantly (p<0.05) affected by the main effect of seeding rate and row spacing. Whereas all yield and yield 
components of bread wheat were not affected by the interaction effect of seeding rate and row spacing. The 
results of this study indicated the importance of using appropriate seeding rate and row spacing to increase 
yield of bread wheat in the study area. Hence, Seeding rate of 150 kg ha
-1
 gave higher grain yield (4462.10 kg 
ha
-1
) followed by 175 kg ha
-1
. Among row spacings 20 cm performed better (4377.8kg ha
-1
) as compared to 
other spacings (3552.3 -3690.1kg ha
-1
). Based on the agronomic performance and yield result of this study, 150 
kg ha
-1
 seeding rate and 20 cm row spacing are preferable. However, further study has to be done under 
different seasons and locations to exploit the recommendation of the present study.  
Keywords: Bread wheat; grain yield; row spacing; seeding rates 
 
1. INTRODUCTION 
Bread wheat (Triticum aestivum L.) is an annual crop plant belonging to the family Poaceae (grass family) and 
native to the Mediterranean region and southwest Asia (Gibson and Benson, 2002). It is one of the several 
species of cultivated wheat, now grown in temperate climates worldwide. Currently, it is also becoming most 
important cereals grown on a large scale in the tropical and sub tropical regions of the world (Onwueme and 
Sinha, 1999; Gibson and Benson, 2002). The importance of wheat crop in the world trade is greater than that of 
all other crops produced (FAO, 2014). Wheat is mainly grown in the highlands of Ethiopia, which lie between 6 
and 16°N and 35 and 42°E, at altitudes ranging from 1500 to 2800 meters above sea level and with mean 
minimum temperatures of 6
o
C to 11
o
C (Hailu Gebremariam  1991; MoA, 2012; Gashaw Tadesse  et al., 2014 ).  
There are two types of wheat grown in Ethiopia; bread wheat and durum wheat. Studies revealed that, 
currently bread wheat covers about 60% of the total wheat area from a15% in 1967 and a 40% in 1991, while 
durum wheat covers about 40% from an 85% in 1967 and a 60% in 1991 (Eyob Bezabeh et al., 2015). Bread 
wheat is one of the most staple food crops in the world and is one of the most important cereals cultivated in 
Ethiopia (Amare Aleminew et al., 2015).  Ethiopia is the second largest wheat producer in Sub-Saharan Africa 
next to South Africa with the cultivated land of 1.6 million ha which accounts 13.5 percent of the national grain 
area (CSA, 2013). Total wheat production in Ethiopia during 2012/13 meher season was 3.4 million metric tons, 
which is accounting for 15 percent of the total grain production in the country (CSA, 2013; Gashaw Tadesse et 
al., 2014). It ranks fourth after tef (Eragrostis tef), maize (Zea mays) and sorghum (Sorghum bicolor) in area 
coverage and third in total production (CSA, 2014). Bread wheat is also one of the most important crops in 
Amhara Region and it is the third important crop next to tef and barley in area coverage and second in 
productivity (1640 kg ha
-1
) after maize (2350 kg ha
-1
). The total wheat cultivated area and production in the 
Amhara Region in 2014 were reported as 493,395.00 ha (27% of the country’s coverage) and 1,626,604.5 tons, 
with the productivity of 2100 kg ha
-1
 (CSA, 2014). Similar to the national and regional pictures, bread wheat in 
East Gojam Zone of the Amhara Region is the second producing crop next to tef in the area coverage and it is 
third in productivity (1350 kg ha
-1
) after maize and sorghum (CSA, 2014). While, in Gozamin District of East 
Gojam Zone, bread wheat is the first important crop in area coverage followed by tef and maize (GWAO, 2014). 
Bread wheat in Ethiopia is used in different forms such as bread, porridge, soup and roasted grain. In 
addition to the grain, the straw of bread wheat is used for animal feed, thatching roofs and bed decking. In spite 
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of the its tremendous importance, wheat production in Ethiopia faced immense production constraints that are 
affecting both its yield potential and industrial quality (Amare Aleminew et al., 2015). 
Hence, the average productivity of wheat in Ethiopia is very low; about 2400 kg ha
-1 
as which is much 
below that of the world’s average about 2900 kg ha
-1
 (Amare Aleminew et al., 2015).Wheat productivity in 
Ethiopia is even much below that of Kenya and African average by 29 and 13%, respectively (FAO, 2014b). Due 
to a number of constraints such as inappropriate use of seeding rate, fertilizer rate and row spacing, soil fertility 
degradation, soil erosion, and occurrence of different pests, the average productivity of wheat in Ethiopia is very 
low. Although different improved bread wheat varieties such as HAR-1685, HAR-604, Kakaba, Danphe, Digalu, 
Shorima, Huluka and others are produced widely in the country , the actual productivity of the varieties is still 
low due to improper utilization of agronomic practices including seeding rate and row spacing. Seeding rate has 
significant influence on majority of agronomic traits of bread wheat (Nizamani et al., 2014).  Bread wheat 
sowing at the optimum seeding rate and at the appropriate row spacing significantly enhance the number of  
grains per spike , the spike length, grain weight per spike and 1000- grain weight and then finally produce high 
grain yield (Iqbal, 2010).  
In other words, optimum seeding rate and suitable cultivars play an important role in achieving 
potential yield of bread wheat (Nizamani et al., 2014). But seeding rate above or below the optimum may reduce 
the yield significantly (Peter et al., 1988). Row spacing plays a significant role on growth, development, and 
yield of bread wheat at its optimum level beside it provides scope to the plants for efficient utilization of solar 
radiation and nutrients (Mali and Choudhary, 2012). 
Optimum seeding rate and proper adjustment of row spacing are the most important production factors 
for higher grain yield as well as for quality crop. Hence, a research to evaluate different seeding rates and row 
spacings is found very important to enhance the productivity of bread wheat in the study area. Previously 
recommended seeding rates and row spacings for bread wheat also have to be evaluated to validate farmers’ 
practices and take further action based on evidence-based results. Therefore, this experiment was proposed with 
the following core objectives: 
 To evaluate the effect of different row spacing on yield and yield components of bread wheat in 
Gozamin District, East Gojam Zone, Ethiopia  
 To determine the optimum seeding rate of bread wheat in the study area  
 To assess the interaction effects of seeding rate and row spacing on yield and yield components of bread 
wheat in the study area 
 To suggest the recommendable seeding rate  and row spacing based on economic feasibility in the study 
area 
 
2. MATERIALS AND METHOD 
2.1 Experimental Site 
The study was conducted in 2015 main cropping season at Yebo kebele farmers training centre (FTC) under field 
condition, in Gozamin District of East Gojam Zone, Amhara National Regional State. The District is located at 
10
o
2’ – 10
o
8’ North and 37
o
3’ – 38
o
1’ East at about 300 km distance from Addis Ababa in Northwest direction. 
Yebo kebele farmers training centre is also located at 10
o
30’ North and 37
o
69’ East at about 10 kilometres from 
the District and Zonal capital, Debre Markos town in south west direction. The District covers a total land area of 
179,672 ha with widely varying altitudinal ranges from 850 to 3000 m.a.s.l. The topography of the District is 
estimated to be 71% mountainous, 6% valley and 25% plane (GWAO, 2014). Moreover, about 90% of the 
cultivated land soil is Oxisols (Red in colour), while the study area has a soil of totally oxisols. The study site 
(Yebo) is located at an altitude of about 2168m.a.s.l. (GWAO, 2014).  
The total annual rainfall in the study area for 2015 was 1010.6 mm (Table7.3), the mean maximum and 
minimum temperature recorded for the year 2015 were 23.6
o
C and 11.2
o
C, respectively (Appendix table7.4 and 
Appendix table7.5). The site receives more rainfall during crop growing period (June to November). The District 
is characterized by three sub-agro ecological zones, namely, M3-7 (cold to very cold moist mountain) covering 
5%, M2-5 (tepid to cool plateau) covering 87% and M1-4 (hot to warm moist gorge) covering 8% of the total 
land area. The rainfall of Gozamin District as well as yebo kebele is characterized by a unimodal pattern that 
distributed uniformly over the growing season, which starts about the middle of May and extends to about the 
mid of October (GWAO, 2014). Over 98% of the population of Gozamin District are involved in agriculture and 
live on a very low annual income mainly due to very low land productivity attributed to poor agronomic 
practices like inappropriate seeding rate, improper adjustment of row spacing, inappropriate weeding practices 
and soil fertility depletion caused by crop removal of nutrients and accelerated soil erosion. Bread wheat, tef, 
maize, barley, and wild oat (local name “Engido”), are the dominant crops cultivated in Gozamin District. Bread 
wheat, barley and wild oat (local name “Engido”) are the dominant cultivated crops listed in their order of in the 
area coverage at present in the study area (GWAO, 2014).  
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2.2 Experimental Planting Materials 
Since it is well adapted in the agro-ecology of the study area, Kakaba bread wheat variety was used for this 
experiment. Kakaba is the most common and widely distributed bread wheat variety in the country and in the 
study area as well. The variety was released in the year 2010 by Kulumsa Agricultural Research Centre. The 
optimum altitude and rain fall range to produce this variety are 1500 - 2200 masl and 500 - 800 mm, respectively. 
The optimum seeding rate for this variety is 150-175 kg ha
-1 
and it needs 50 -70 and 90 -120 days to heading and 
maturity, respectively. It is also moderately resistant to stem rust.  Moreover, it has a high dose of fertilizer 
requirement. Hence, phosphorus and nitrogen fertilizers were applied uniformly for all plots based on the 
recommendation of the area.  
 
2.3 Experimental Treatments, Design and Procedures 
The field experiment was conducted in factorial arrangement with combination of three row spacings (20cm, 
25cm, and 30cm inter row spacing) and four seeding rates of bread wheat  (100, 125,150 and 175 kg ha
-1
). The 
experimental design was Randomized Complete Block Design (RCBD) with 3 replications. The gross plot size 
was 3m x 2m (6 m
2
) containing 15 rows for 20cm, 12 rows for 25cm, and 10 rows for 30 cm inter row spacings, 
respectively. The space between blocks was 1m while spacing each plot in a block was 0.5m. The net plot size 
(harvestable area) was used by excluding two outer rows on both sides of each plot and 50cm row length at both 
ends of the rows to avoid possible border effects. Thus the net plot size was 2.2m x 1m (2.2m
2
) for the 20 cm 
inter row spacing, 2m x 1m (2m
2
) for the 25 cm inter row spacing, and 1.8m x 1m (1.8m
2
) for the 30 cm inter- 
row spacing. In preparation of the experimental field, oxen driven local plow (Maresha) was used in accordance 
with the local farming practices of the farmers. Accordingly, the field was ploughed five times; (starting from 
mid-march to mid-July 2015). The plots were prepared as per the layout, leveled manually and the treatments 
were assigned randomly and the seed was drilled in furrows manually on July 22, 2015.  
Phosphorus and nitrogen fertilizers were applied uniformly for all plots as per the area recommendation. 
Phosphorous at a rate of 92 kg P2O5 ha
-1 
and nitrogen at 148.12 kg N ha
-1
 were applied following the 
recommended fertilizer application rate to the area. Urea (46% N) and DAP (18% N and 46% P2O5) were used 
as sources of N and P fertilizers. The full rate of the phosphorous fertilizer (92 kg P2O5 ha
-1
) and a portion of the 
nitrogen fertilizer (56.12 kg N) was applied as band application at the time of planting and the remaining 92 kg 
N was applied as top-dressing at mid tillering stage of the crop (40 days after emergence) after first weeding was 
completed on each plot. The field was cultivated and weeded as needed manually during the cropping season to 
control weeds and weed-crop competition. Moreover, all the necessary field management practices were carried 
out as required during the experimental period. Plot wise harvesting was done at harvest maturity of the crop as 
the crops get matured in each plot.  
Table 2.1: Treatment combinations used for the study 
Seeding Rate  
(kg ha
-1
) 
Row Spacing  
(cm) 
Treatment  
Combination 
   
S1 R1 S1R1 
 R2 S1R2 
 R3 S1R3 
S2 R1 S2R1 
 R2 S2R2 
 R3 S2R3 
S3 R1 S3R1 
 R2 S3R2 
 R3 S3R3 
S4 R1 S4R1 
 R2 S4R2 
 R3 S4R3 
S1=100 kg ha
-1
; S2=125 kg ha
-1
; S3=150 kg ha
-1
; S4=175 kg ha
-1
; R1=20cm; R2=25cm; R3=30cm 
 
2.4 Data Collection 
2.4.1 Phenological parameters 
Days to 50% Emergence (DE): It was taken when 50% of the plants emerge from each plot by visual 
observation. 
Days to 50% Heading (DH): The data was taken when the ears or panicles were fully visible or produced spikes 
above the sheath of the flag leaf on 50% of the plants from each plot that was determined by visual observation. 
Days to 90% physiological Maturity (DM): Days to physiological maturity was recorded by counting the 
number of days from date of sowing until when 90% of the plants changed green color to yellowish, loose its 
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water content and attain to physiological maturity in each plot. It also indicated by senescence of the leaves as 
well as frees threshing of seeds from the glumes when pressed between the thumb and the forefinger.   
2.4.2 Vegetative growth parameters  
Plant height (PH): The average height of ten randomly selected plants from the net plot area of each plot was 
measured in centimeters from the ground to the top of spike, excluding awns at maturity and means were taken.  
Effective Tiller Numbers (ETN): Numbers of effective (fertile) tillers per 1m row length was counted from to 
randomly selected 0.5m row lengths from each plot at harvesting. 
2.4.3 Yield and yield related parameters 
Spike Length (SL): The spike length was measured from ten randomly selected plants of the inner rows in 
centimeter and the mean length was recorded on each plot by measured from the base to the upper most part of 
the spike excluding awns at maturity. 
Spike Number (SN): The total number of spikes per 1m row length was counted from two randomly selected 
0.5m lengths from each plot at harvesting. 
Number of kernels per spike (NKPS): Number of kernels per spike was counted from ten randomly selected 
plants from the inner rows of each plot and the mean kernel number was taken at harvesting. 
1000-kernel weight (g): Thousand grains were counted after threshing at random from each plot and their 
weights were measured with sensitive balance after adjusting the grain moisture content to 12.5%. 
Biomass yield (BY): Total biomass or biological yield was measured by weighing the sun dried total above 
ground plant biomass (straw + grain) from the net plot area of each plot. 
 Grain yield (GY): Grain  yield  was measured  by  taking  the  weight  of  the  grains  threshed from the  net 
plot area of each plot and converted to kilograms per hectare  after adjusting the grain  moisture content  to 
12.5%. 
Straw Yield (SY): Straw yield was determined by subtracting grain yield from total above ground biomass. 
Harvest Index (HI): Harvest index of each treatment was calculated as the percent ratio of grain yield to the 
total above ground biomass by using the formula of Donald (1962) as,  
Harvest index = Grain yield /biological yield x 100  
 
2. 5 Soil Sampling and Analysis 
Soil samples were taken from 10 representative spots of the experimental field at 0-30 cm depth before sowing 
and one composite surface soil sample was made out of it for the purpose of characterization. The composite soil 
sample was prepared for analysis and was air- dried as well as grinded to pass through a 2mm sieve. The Soil 
sample was analyzed to determine soil pH, Soil texture, available P, Organic carbon content, cation exchange 
capacity (CEC) and total N using different methods and procedures in Debre Markos soil laboratory. Total N was 
determined by Kjeldhal method (Chapman, 1965), while available phosphorus were analyzed following the 
procedure described by Olsen et al, (1954) method, percent organic matter and organic carbon were also 
determined by using wet oxidation method (Walkiey and Black, 1934). Soil texture was analysed following 
Bouyoucos hydrometer method (Day, 1965). Furthuremore, soil pH was measured potentiometrically in the 
supernatant suspension of a 1:2.5 liquid mixture using pH meter in water (pH-H2O) (Houba et al., 1989). While 
cation exchange capacity (CEC) was measured using 1M-neutral ammonium acetate (Jackson, 1967).  
Based on the soil analysis result, the pH and CEC of the experimental soil was 4.81 and 32.56 
meq/100g of soil, respectively. Whereas total nitrogen and available phosphorus were found 0.16% and 3.82ppm, 
respectively (Appendix table 7.6). Based on Landon (1991) conclusions on total nitrogen and available 
phosphorous, the experimental site is with low content of these nutrients. On the other hand, the organic carbon 
content was found 1.83% which is low (Landon, 1991) (Appendix table 7.6). The texture of the experimental site 
was 62% clay, 32% silt and 6% sand; which is classified as clay based on texture triangle classification system 
and this type of soil conducive for crop production since clay soils absorb and hold more water and 
exchangeable nutrients or cations than silty or sandy soils. 
 
2.6 Statistical Analysis 
The data collected from the experiment at different growth stages were subjected to statistical analysis as per the 
experimental designs for each experiment using SAS (Statistical Analysis Software) version 9.1 to analyze the 
data using ANOVA and GLM procedures. Mean separation of significant treatments were carried out using the 
least significant difference (LSD) test.  
Moreover, correlation analysis was also carried out to study the nature and degree of relationship 
between yield and yield components of bread wheat. Correlation coefficient values (r) were calculated and test of 
significance was analyzed using Pearson correlation procedure found in SAS software. 
The mean grain and straw yield data was adjusted down by 10% and subjected to partial budget and 
economic analysis was performed following the CIMMYT partial budget methodology   (CIMMYT, 1988). 
Total costs that varied ( seed and planting cost) for each treatments was calculated and treatments were ranked in 
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order of ascending total variable cost (TVC) and dominance analysis was used to eliminate those treatments 
costing more but producing a lower net benefit than the next lowest cost treatment. The prices of the inputs that 
were prevailing at the time of their use were considered for working out the cost of cultivation. Net returns per 
hectare were calculated by deducting cost of production per hectare from gross income per hectare. A treatment 
which is non- dominated and having the highest net benefit is said to be economically profitable (CIMMYT, 
1988). 
 
3. RESULTS AND DISCUSSION 
3.1 Phenological Parameters 
3.1.1 Days to 50% emergence 
Analysis of variance of the data revealed that days to 50% seedling emergence was not significantly (p>0.05)  
affected by  seeding  rates, row spacing and by their interaction effects. Favorable moisture condition, uniformly 
distributed rainfall during the sowing time and good seedbed preparation might have contributed to the same 
germination date across the treatment combinations . The same result was reported by Worku Awdie (2008) who 
concluded that seedling emergence was not significantly affected by seeding rates. 
3.1.2 Days to 50% heading 
Days to 50% heading was very highly significantly (p<0.001) affected by the main effect of seeding rate. On the 
other hand, the main effect of row spacing and its interaction effect with seeding rate did not significantly 
(p>0.05) affect days to 50% heading (Table 3.1). Days to 50% heading was delayed (62.88 days) when lower 
seeding rates (100kg ha
-1
) was used. On the other hand, earlier days to 50% heading (60.8 days) was recorded 
from highest seeding rates (Table 3.1). The earliness to heading in highest seeding rate might be due to the 
higher competition to resources; this may help plants to escape terminal moisture stress.  
The finding by Gafaar (2007) also indicated that increasing   sowing   density   from 200 up to 400 
grains per meter square in wheat crop significantly decreased the number of days to 50% heading. Another 
research finding on the effect of seeding rate also revealed that heading started earlier at higher seeding rates 
(Read and Worder, 1981). Furthermore, Worku Awdie (2008) concluded that increasing the levels of seeding 
rate decreased the days to heading consistently. 
Table 3.1: Effect of seeding rate and row spacing on phenology and vegetative growth of bread wheat at 
Yebo in 2015 main cropping season 
Treatments DE(days) DH(days) DPM(days) PH(cm) 
Seeding rate(kg ha
-1
)     
100 5.56 62.89
a
 106.11
a
 76.86
d
 
125 5.33 61.89
b
 103.33
b
 78.45
c
 
150 5.44 60.89
c
 99.44
c
 79.71
b
 
175 5.56 60.44
c
 97.67
c
 81.76
a
 
Sign. Difference ns *** *** *** 
SE + 0.15 0.36 1.39 0.65 
Row spacing(cm)     
20 5.42 61.67 100.58 80.36
a
 
25 5.50 61.58 101.67 78.62
b
 
30 5.50 61.33 102.67 78.61
b
 
Sign. Difference ns Ns ns *** 
CV (%) 
SE + 
5.43 
0.17 
1.49 
0.42 
2.30 
1.60 
1.40 
0.75 
Means with the same letter(s) in the same column and row of each trait are not significantly different at 5% 
probability level, * , ** & *** indicates significant at 5% , 1% and 0.1% probability level, respectively. ns= 
non-significant, CV (%) = coefficient of variation in percent, DH = days to 50% heading, DPM = days to 90% 
physiological maturity and PH= plant height. 
3.1.3 Days to 90% physiological maturity   
Days to 90% physiological maturity showed significant response to seeding rates. Similar with days to 50% 
heading, the increment in seeding rate might enhanced physiological maturity of the bread wheat. Seeding rate 
had very highly significant (P<0.001) effect on physiological maturity of bread wheat. However, row spacing 
and its interaction effect with seeding rate did not show significant effect on days to 90% physiological maturity 
(Table 3.1).  Increasing seeding rate from 100 to 175 kg ha
-1
 decreased days to 90% maturity by 8.44 days (Table 
3.1). The highest seeding rate associated with early maturity might be due to plant competition for available 
resources. The present finding showed that as seeding rate decreases from 175 to 100 kg ha
-1
 days to 
physiological maturity increased from 97.67 to 106.11days (Table 3.1).  Similar with the present finding, Worku 
Awdie (2008) also noted that increasing the levels of seeding rate hastened physiological maturity of bread 
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wheat. Another research finding by Read and Worder (1981) also showed that maturity of shoots started earlier 
at higher seeding rates. Furthermore, Melaku Mengstie (2008) indicated that increasing levels of seeding rate 
promoted early physiological maturity of tef.  
Although it was not significant, there was statistical different among row spacing on days to 90% 
physiological maturity, the closer inter row spacing (20 cm) hastened physiological maturity than other inter row 
spacings.  In agreement with this finding Tesfaye Getachew et al.(2012) and Yordanos Ameyu (2013)  also 
concluded that closer inter row spacing (increasing plants density) shortened days to physiological maturity in 
potato and Rice, respectively.  This could be due to the presence of intense inter plant competition at the closer 
row spacing that might have led to the depletion of the available nutrient that results plants tend to mature earlier.  
 
3.2 Vegetative Growth Parameters 
3.2.1 Plant height   
The analysis of variance indicated that both seeding rate and row spacing had very highly significant (P<0.001) 
effect on wheat plant height. Whereas, the interaction effect of seeding rates and row spacing did not show 
significant effect on plant height. As seeding rate increased from the lowest (100 kg ha
-1
) to the highest (175 kg 
ha
-1
), the height of the plant correspondingly increased from 76.86 to 81.76cm (Table 3.1). Similar with the 
present finding,  Soomro et al.(2009) noted that wheat sown at higher seeding rate (175 kg ha
-1
) produced greater 
plant height i.e 101.25 cm followed by 150 kg ha
-1
 i.e. 99.09 cm and 125 kg ha
-1
 i.e. 94 27cm. Another research 
finding by Worku Awdie (2008) also concluded that plant height increased consistently with increasing seeding 
rate from 72.7 cm at the seeding rate of 100 kg ha
-1
 to 80.4 cm at the seed rate of 150 kg ha
-1
.
   
Higher seeding rate caused to changing plant height and stem thickness because of the lower light  
penetrating  in  to the plants  canopy  bed  and  more  inter  specific  competition  to  more absorption light. 
These factors (higher seeding rate and lower light penetration) increasing inter node length, reducing stem 
thickness and increasing plant height (Otteson et al., 2007). Rahim et al. (2012) also reported that the significant 
difference on plant densities of 450 and 300 plants m
2
 with highest and lowest plant height, respectively. Other 
researchers also reported in wheat that the height of plants grown at the lowest seeding rate was significantly 
lower than the height of plants grown at higher seeding rates (Haile Deressa et al., 2013; Ghulam et al., 2011). 
Moreover, this result was in harmony with the finding of Fani et al. (2014) who indicated that with increasing 
density, plant height slightly increases and there after decreases that could be because restrictions on plant food 
sources therefore, in treatment 150 and 200 kg ha
-1
, maximum plant height was observed.  
Regarding to row spacing, as row spacing increased from 20 cm to 30 cm plant height decreased from 
80.36 to 78.61. However, it was statistically in parity with plant height obtained in response to the spacing of 25 
and 30 cm (Table 3.1). Tallest plants were likely from higher seeding rates and narrow row spacing might be due 
to the presence of increased competition for light as the plant population becomes denser.  
3.2.2 Number of effective tillers 
Crop yields are generally dependent upon many yield contributing agents. Among these, number of effective 
tillers is the most important because of the contribution in final yield.  
The analysis of variance indicated that the main effects of seeding rate and row spacing highly 
significantly (p<0.01) and very highly significantly (p<0.001) affected number of effective tillers per 1m row 
length, respectively. However, the interaction effect of seeding rate and row spacing showed non- significant 
(p>0.05) effect on number of effective tillers of bread wheat. The number of fertile tillers in the present study 
increased consistently with increasing seeding rate up to 150 kg ha
-1
. The highest number of effective tillers per 
1m row length (87.56) was observed at seeding rate of 150 kg ha
-1
 while the lowest number of effective tillers 
per 1m length (67.33) observed at seeding rate of 100kg ha
-1
. However, it was statistically in parity with the 
number of effective tillers obtained in response to the seeding rate of 100 and 125 kg ha
-1 
(Table 3.2).  
In line with the present finding, Ali et al.(2010) reported that the number of effective tillers increased as 
seeding rate increased. Similarly, Jemal Abdulkerim et al. (2015) concluded that the highest number of effective 
tillers per 0.5 m row length (69.33) was obtained at 200 kg ha
-1
 seeding rate while, the lowest number of 
effective tillers per 0.5 m row length (25.66) was obtained at 100 kg ha
-1
 seeding rate. Such increment in number 
of effective tillers might be due to increasing sowing density that  attributed to increasing number of plants per 
plot and also tillering capacity. The present finding also  agree with Iqbal et al. (2012) who stated that  more 
number of tillers (503.40) was observed at seeding rate of 175 kg ha
-1
 while less number of tillers (404.40) was 
recorded at seeding rate of 125 kg ha
-1
 and was statistically less (464.6) from seeding rate of 150 kg ha
-1
. 
Increase in number of tillers per unit area is due to increased seeding rate (Ahmad et al., 2000; Khan et al., 2000; 
Hussain et al., 2001; Naeem, 2001; Otteson et al., 2008). Another research finding by Iqbal et al.(2010) also 
stated that there was linear increase in number of fertile tillers with increased seeding rate and among seeding 
rates, 200 kg ha
-1
 produced significantly higher number of fertile tillers (278.75) followed by 175 kg ha
-1
 seeding 
rate (263.97 fertile tillers).  
The present result also in harmony with Chaudhary et al., (2000), Arif et al., (2003), and  Ali et al. 
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(2010) who reported increased tillering with increased in seeding rate. Moreover, Rafique et al., (1997), reported 
that linear increase in the number of tillers as the seeding rate was increased. Similarly, this result is in harmony 
with Abd El- Lattief (2011) who found that as seeding rate increased from 100 kg ha
-1
 to 175 kg ha
-1
, number of 
effective tillers increased from 303.3 to 348.7 m
-2
. Kumar et al. (1991) and Ahmad et al. (1999) confirmed the 
present result who reported that higher sowing rates increased the number of tillers m
-2
. Likewise, Seleiman et al. 
(2010) stated that increase seeding rate up to 350 or 400 grains m
-2
 increased number of tillers per m
-2
 but 
significantly decreased grain filling rate. 
Highest number of effective tillers (92.33) per 1m row length was recorded at row spacing of 20 cm 
while, the minimum number of effective tillers (66.75) per 1m row length was recorded at row spacing of 30 cm. 
However, it was statistically in parity with the number of effective tiller obtained in response to the spacing of 25 
and 30 cm (Table 4.2). The present finding confirm the report of Pandey et al.(2013) who concluded that wheat 
cultivated at 20 cm row spacing produced significantly more effective tillers as compared to 15 and 25 cm row 
spacings. This finding also in agreement with the result of Iqbal et al.(2010) who noted that narrow row spacing 
increased number of fertile tillers and total tillers significantly over wider row spacing. Similarly, Al- Fakhry and 
Ali (1989) have also reported that narrow row spacing increased number of fertile tillers and total tillers 
significantly over wider row spacing.  Number of effective tillers per unit area is one of the limiting factors of 
grain yield (Kakar et al., 2001). The greater tiller numbers at the narrow row spacing was likely due to more 
uniform spatial distribution and less in row plant to plant competition compared with the wider row spacing 
(Auld et al., 1983). Increased light capture by a canopy has been reported in wheat with narrow row spacing 
configurations (Andrane et al., 2002). Moreover, Kumar et al. (1991) also reported that higher sowing rates 
coupled with decrease in row spacing increased the number of tillers per square meter and grain yield per hectare. 
 
3.3 Yield and Yield Related Parameters 
3.3.1 Spike length 
The statistical analysis results revealed that spike length was very highly significantly (P<0.001) affected by 
seeding rate. On the other hand, row spacing and its interaction with seeding rates had non-significant (p>0.05) 
effect on spike length (Table 3.2). The maximum spike length of 8.93 cm was recorded at those plots which 
received seeding rate of 100 kg ha
-1
 while minimum spike length of 7.33 cm was obtained from plots those 
receive seed rate of 175 kg ha
-1
. However, it was statistically in parity with spike length obtained in response to 
the seeding rate of 100, 125 and150 kg ha
-1 
(Table 3.2).  
There was no significant difference observed among seeding rates of 100, 125 and 150 kg ha
-1
 in spike 
length. At the lower seeding rate of 100 kg ha
-1
, the spike length was higher compared to higher seeding rate of 
175 kg ha
-1
. This might be due to more free space between plants at the lower seed rates and less intra-plant 
competition for available resources that resulted in higher spike length. The current result is in agreement with 
the finding of Zewdie Bishaw et al. (2014) who reported that plant height and spike length are negatively 
interrelated. Shorter plant produce longer spike length and long plant produce shorter spike and higher biomass 
production. Another research finding by Gafaar (2007) also stated that increasing sowing density from 200 up to 
400 grains m
-2
 significantly decreased spike length. Similarly, Seleiman et al.(2010) reported that the longest 
spikes were obtained from 250 and 300 grains per m
2 
but without significant differences between both of them. 
However, the shortest spikes were recorded by using the highest seeding rate (400 grains m
-2
).    
3.3.2 Number of kernels per spike 
Data recorded on number of kernels per spike indicated that number of kernels per spike of bread wheat was 
very highly significantly (P<0.001) influenced by the main effect of seeding rate. However, row spacing and its 
interaction effect with seeding rate showed non-significant (p>0.05) effect on number of kernels per spike (Table 
3.2). Maximum number of kernels per spike (53.06) was obtained from the seeding rate of 100 kg ha
-1
and 
minimum number of kernels per spike
-1
 (46.73) obtained from the seeding rate of 175 kg ha
-1 
(Table 3.2). 
Seeding rate of 125 kg ha
-1
 and 150 kg ha
-1
 produced statistically similar number of kernels per spike. As seeding 
rate increased from 100 kg ha
-1
 to 175 kg ha
-1
, the number of kernels per spike was decreased by 13.54%.  
This result was in line with the finding of Rahim et al. (2012) who stated that significant difference was 
observed between plant densities of durum wheat cultivar in terms of grains per spike. The highest and lowest 
grains per spike observed at lowest and highest plant densities, respectively. In line with the results obtained 
from this study, Worku Awdie (2008) concluded from his research findings that increasing the rate of seeding 
from 100 to 150 kg ha
-1
 decreased the number of grains per spike from 32.02 to 29.60 at the seed rate 100 and 
150 kg ha
-1
 respectively. Moreover, Hussins and Pan (1993) reported that the number of kernels per spike 
decreased with an increase in seeding rate. 
Number of kernels per spike was not significantly affected by main effect of row spacing. The present 
finding is similar with the finding of Hussain et al. (2003). Moreover, the same result was obtained by 
Muhammad et al. (1999) who observed that grains spike
-1
 is purely inherent character of wheat varieties and not 
affected by row spacing. Spike length and kernels per spikes have positive relationship in this study. The 
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increased spike length leads to increased kernels per spike and vice versa.  
Table 3.2: Effect of seeding rate and row spacing on vegetative growth and yield related parameters of 
bread wheat at Yebo in 2015 main cropping season 
Treatments ETN SL(cm) NKPS SN TKW(g) 
Seeding rate (kg ha
-1
)      
100 67.33c 8.93
a
 53.06
a
 94.56
c
 35.44
a
 
125 76.11bc 8.85
a
 50.06
b
 108.00
b
 33.85
b
 
150 87.56a 8.56
a
 49.82
b
 123.44
a
 33.95
b
 
175 78.89ab 7.33
b
 46.73
c
 116.33
ab
 33.04
b
 
Sign. Difference ** *** *** ** ** 
SE+ 2.39 0.21 0.83 3.05 0.43 
Row spacing(cm)      
20 92.33
a
 8.29 49.16 94.92
c
 33.33
b
 
25 73.33
b
 8.35 50.05 109.33
b
 34.24
ab
 
30 66.75
b
 8.61 50.53 127.50
a
 34.65
a
 
Sign. Difference *** Ns ns *** * 
CV (%) 
SE+                        
13.89 
2.76 
4.64 
0.25 
3.79 
0.96 
12.32 
3.52 
3.38 
0.49 
Means with the same letter(s) in the same column and row of each trait are not significantly different at 5% 
probability level, * , ** & *** indicates significant at 5% , 1% and 0.1% probability level, respectively. ns= 
non-significant, CV (%) = coefficient of variation in percent, ETN = effective tiller numbers, SL = spike 
length, NKPS = number of kernels per spike, SN = spike numbers, TKW = thousand kernel weight 
3.3.3 Spike number 
 The main effects of seeding rate and row spacing were highly significantly (P<0.01) and very highly 
significantly (P<0.001) affected spike numbers per 1m row length, respectively. However, the interaction effect 
of seeding rate and row spacing did not significantly (p>0.05) affect spike numbers of bread wheat.   The highest 
spike numbers per 1m row length (123.44) was obtained at the seeding rate of 150 kg ha
-1
 and minimum spike 
numbers per 1m row length (94.56) was counted at seeding rate of 100 kg ha
-1 
(Table 3.2). Similarly, the 
maximum (127.50) and the minimum (94.92) spike numbers per 1m row length were recorded at 30 and 20 cm 
row spacing, respectively (Table 3.2).  
Compared with the lowest rate (100 kg ha
-1
) of seeding rate treatment, the increment in spikes per 1m 
row length obtained due to the highest seeding rate (150 kg ha
-1
) was 30.54%.  The increase in spike numbers 
per 1m row length with increasing seeding rate might be due to more plants being established. The result of 
number of spikes per 1m row length obtained from this study is in line with the findings of Worku Awdie (2008) 
who reported that the number of productive spikes per 0.5 m row length increased linearly with increasing rates 
of seeding from 72.31 spikes per 0.5 m row length at the seeding rate of 100 kg ha
-1
 (the lowest rate) to 85.95 
spikes per 0.5 m row length at the highest (150 kg ha
-1
) seeding rate. Moreover, Willey and Holiday (1971) 
indicated that high seeding rates generally increase number of spikes per square meter.  
Another research finding by Fani et al. (2014) also reported that the highest density of spikes obtained 
to the treatment of 300 kg ha
-1
and minimum density of spikes to the treatment of 50 kg ha
-1
. Similarly, Tunis et 
al. (1995) found that increase in spike number at higher wheat densities. Seleiman et al. (2010) also concluded 
that increase seeding rates up to 350 or 400 grains m
-2
 increased number of spikes per m
-2
. As the result indicated 
that the number of fertile spikes per unit area has highly contributed than kernels per spike and kernel weight for 
the highest grain yield obtained in the highest seeding rate. This implies that increased crop density had strong 
and consistent positive effects on grain and biomass yield.  
3.3.4 Thousand kernel weight   
The analysis of variance revealed that both seeding rate and row spacing had highly significant (p<0.01) and 
significant (p<0.05) effect on thousand kernel weight, respectively. However, the interaction effect of seeding 
rate and row spacing did not influence significantly (p>0.05) thousand kernels weight of bread wheat.   The 
highest thousand kernels weight (35.44 g) was recorded for seed sown at the seeding rate of 100 kg ha
-1
 whereas 
the lowest thousand kernel weight (33.04 g) was recorded at the seeding rate of 175 kg ha
-1
. However, it was 
statistically in parity with in thousand kernels weight obtained in response to the seeding rate of 125, 150 and 
175 kg ha
-1 
(Table 3.2). 
Similarly, the maximum (34.65 g) and the minimum (33.33 g) thousand kernels weight recorded for 
seeds sowing at 30 and 20 cm row spacing, respectively (Table 3.2). The result showed that when seeding rate 
increased from 100 to 175 kg ha
-1
, it decreased thousand kernels weight by 6.77%. However, increasing seed rate 
from 100 to 125 kg ha
-1
 and 125 to 150 kg ha
-1
 there was no significant different in thousand kernels weight. The 
lowest kernels weight produced from highest seeding rate might be due to thickening of population density 
which resulted competition of nearby plants in absorbing nutrients and moisture. Similar with the present finding, 
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Baloch et al. (2010) concluded that the higher the seeding rate in bread wheat resulted in decreased 1000- 
kernels weight. Another research finding by Hiltbrunner et al.( 2005) and  Dubis and Budzynski, (2006) also 
noted  that as seeding rate increased, 1000- kernel weight decreased but  number of spikes m
-2
 increased. 
Similarly, Fani et al. (2014) showed that at high densities (250 and 300 kg ha
-1
) thousand seeds weight declined 
whereas in low densities of 50 and 100 kg ha
-1
, seed thousand weights increased. Moreover, Iqbal et al.(2010) 
concluded that lower seeding rates (125 kg ha
-1
) produced significantly heavier grains (40.74 g) than higher 
seeding rate (200 kg ha
-1
) that produced lighter (37.83 g) grains. 
Maximum thousand kernel weight (34.65g) was recorded at row spacing of 30 cm (Table 3.2) while 
minimum thousand kernel weight (33.33g) was observed at row spacing of 20cm. This result is in agreement 
with the finding of Iqbal et al.(2010) who showed that wider row spacing (22.50 cm) produced more 1000- grain 
weight (40.16 g) as compared to narrow row spacing of 11.25 cm (38.81g). The present result also confirm the 
finding of Rafique et al., (1997) who concluded that increased grain weight at wider row spaces. 
3.3.5 Grain yield 
Analysis of variance showed that the main effect seeding rate and row spacing had very highly significant effect 
(P < 0.001) on grain yield. However, the interaction effect of seeding rate and row spacing showed non-
significant (p>0.05) effect on grain yield. The highest grain yield (4462.10 kg ha
-1
) was obtained at the seeding 
rate of 150 kg ha
-1
 and the lowest grain yield (3069.00 kg ha
-1
) was obtained at seeding rate of 100kg ha
-1
. 
However, it was statistically in parity with in grain yield obtained in response to the seeding rate of 150 and 175 
kg ha
-1
 (Table 3.3). Based on the result of the present study, increasing seeding rate results in increasing grain 
yield. The maximum grain yield obtained from the use of higher seeding rate might be due to high density of 
plants in rows and increased number of spikes per rows as a result number of grains and increased spike number 
in rows. Seeding rate of 150 and 175 kg ha
-1
 resulted in increasing yield by 45.39% and 38.19%, over the lowest 
seeding rate of 100 kg ha
-1
, respectively. The increased seeding rate from 125 kg ha
-1
 to 150 kg ha
-1
 produced 
grain yield which was significantly increased by 20.06%.   
Similar with the present finding, Haile Deressa et al. (2013) who reported that the lowest seeding rate 
(100 kg ha
-1
) resulted in a grain yield of 3851 kg ha
-1
, which was significantly lower than the yields obtained at 
the other seeding rates (150 and 175 kg ha
-1
). Similarly, Hussain et al.(2010) and Worku Awdie (2008) reported  
that grain yield increased as seeding rate was increased from 50 to 150 and from 100 to 150 kg ha
-1
, respectively. 
Moreover, Ali et al.(2010) concluded that the three years average data showed that grain yield was maximum at 
seeding rate of 150 kg ha
-1
 followed by 175 and 200 kg ha
-1
 as against the seeding rate of 125 kg ha
-1
. The same 
result also reported by Iqbal et al.(2010)  who concluded that seeding rate of 150 kg ha
-1
 produced significantly 
higher grain yield (4120 kg ha
-1
) followed by 175 and 200 kg ha
-1
 seeding rates (3904 and 3785 kg ha
-1
). 
However, seeding rate of 125 kg produced significantly lower grain yield (3.669 t). Another research finding by 
Nazir et al. (2000) also showed that 150 kg ha
-1
 seeding rate produced significantly the highest grain yield. 
Likewise, Jemal Abdulkerim et al.(2015) also reported that varieties Shorima and Kakaba gave maximum grain 
yield at seeding rate of 150 kg ha
-1
and, variety Digalu produced highest yield at seeding rate of 175 kg ha
-1
 as 
compared to 100, 125, and 200kg ha
-1
. Seleiman et al.(2010) also confirmed that increasing seeding rates up to  
350 or 400 grains m
-2
 increased grain yield. Higher grain yield with higher seeding rates was also reported by 
Olsen et al. (2005) and Haile Deressa and Girma, Fana (2010). The same result has also been proved by 
Sikander et al., (2003) who concluded that increasing seeding rate from 150 to 250 seeds/m
2
 resulted in higher 
grain yield. 
 The data presented in Table 4.3 showed that row spacing of 20 cm produced maximum (4377.8kg ha
-1
) 
bread wheat grain yield followed by 25 cm (3690.1 kg ha
-1
) as against the minimum with 30 cm (3552.3 kg ha
-1
) 
row spacing. However, 25 and 30 cm row spacings have not statistically significant difference (Table 3.3). 
Closer row spacing of 20 cm recorded significantly higher yield than wider row spacing of 30 cm. The increase 
in grain yield due to narrow row spacing was 23.23% higher than wider spacing.  This result was in line with 
Amjad and Anderson (2006) who carried out an experiment to study the effects of row spacing on wheat yield 
and found that wider row spacing of 24 cm and 36 cm consistently reduced wheat yield compared with narrow 
row spacing of 18 cm. Based on this result average number of plants were reduced in the wider rows than narrow 
rows this is might be  due to increased competition for water as the seeds were placed closer together in the wide 
rows and ultimately may also have been related to reduction in wheat grain yield.  
In higher rainfall areas, where cereal crops have higher potential yields (greater than 3500 kg ha
-1
), 
significant yield decreases have been recorded with wider row spacing (greater than 25cm). Then, the higher the 
yield potential, the greater the negative impact of wider rows on wheat and barley yields (GRDC, 2011). Kumar 
et al. (1991) also reported that higher sowing rates coupled with decrease in row spacing increased the number of 
tillers per square meter and grain yield per hectare. Gunri and Chaudhury (2004) reported that closer spacing 
(15cm x 10 cm) proved better in grain yield of rice, nitrogen use efficiency and N uptake was better than the 
wider row spacing. Similarly, Khan et al. (2001) and Frizzell et al. (2006) reported that yield of cereals increased 
in response to decreasing the spacing between rows.  Moreover, Nazir (1990) and Thayer et al. (1987) stated that 
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seeding rate of bread wheat at 150 kg ha
-1
 gave significantly higher grain yield than 100 kg ha
-1
 seeding rate 
since narrow row spacing causes higher leaf photosynthesis and suppresses weeds growth compared with wider 
row spacing. Another research finding by McConkey and Miller (1999) also stated that spring wheat consistently 
had lower yields and water use efficiency at 30 cm row spacing versus 20 cm row spacing.  
3.3.6 Biomass yield  
Biomass yield represents overall growth performance of the plant as well as the crop and is considered to be the 
essential yield parameter to get useful information about overall growth of the crop. Biomass yield is highly 
inclined by crop nutrition and planting distance. Analysis of variance showed that the main effect of seeding rate 
had very highly significant (P < 0.001) and row spacing had significant (p<0.05) effect on the above ground dry 
biomass yield. However, the interaction effect of seeding rate and row spacing was found no significant. Highest 
biomass yield (12754.50 kg ha
-1
) was observed at the seeding rate of 175 kg ha
-1 
while lowest biomass yield 
(9696.30 kg ha
-1
) was obtained at the seeding rate of 100 kg ha
-1
. However, it was statistically in parity with in 
biomass yield obtained in response to the seeding rate of 100 and 125 kg ha
-1
 (Table 4.3). The increased in 
biomass production might be attributed to the increased plant population due to higher seeding rate and taller 
plants. The present result is in agreement with the finding of Zewdie Bishaw et al. (2014) who reported a 
positive association between biomass yield and plant height, thus taller plants resulted higher biomass yield. 
Similar with the present finding, Jemal Abdulkerim et al. (2015) also reported that higher biomass yield was 
recorded on increased seeding rates of 200 and 175kgha
-1
. Similarly, Iqbal et al.(2012) also found that biological 
yield was increased as seeding rate increased from 125 kg ha
-1
 to 150 and 175 kg ha
-1
. Moreover, Seleiman et 
al.(2010) confirmed that increasing seeding rates up to  350 or 400 grains m
-2
 increased grain, straw and biomass 
yields.  
Row spacing also has prominent effect on biomass yield of wheat. Maximum biomass yield (11650.60 
kg ha
-1
) was observed at 20 cm row spacing followed by 25 cm row spacing (10970.50 kg ha
-1
) while lowest 
biomass yield (10765.70 kg ha-1) was recorded at 30 cm row spacing. However, it was statistically in parity with 
in biomass yield obtained in response to the spacing of 25 and 30 cm (Table 3.3). In this study, higher biomass 
yield was obtained at the narrower row spacing than wider row spacing this might be due to better resource 
utilization in narrow rows than wider rows. This finding is in conformity with the finding of Mali and Choudhary 
(2012) who reported that more biomass was produced at narrow spacing than wider spacing. Similarly, Chen et 
al. (2008) reported that narrower row spacing produced higher biomass yield than wider row spacing in rice.  
3.3.7 Straw yield  
The main effect of seeding rate very highly significantly (P < 0.001) affected straw yield whereas the main effect 
of row spacing and its interaction effect with seeding rate didn’t show significant (p>0.05) effect on straw yield 
(Table 3.3,). The highest (8508.4 kg ha
-1
) straw yield was observed at seeding rate of 175 kg ha
-1
 while the 
lowest (6627.3 kg ha
-1
) straw yield was found with seeding rate of 100kg ha
-1
. There was a linear increase in 
straw yield as the seeding rate was increased. However, it was statistically in parity with in straw yield obtained 
in response to the seeding rate of 100, 125 and 150 kg ha
-1
 (Table 3.3).    
Maximum straw yield was recorded from the plots where seeding rate of 175 kg ha
-1
 was used and this 
might be due to the fact that higher seeding rates result in more plant population and greater plant height which 
resulted in higher straw yield. This result is in harmony with Ali (2010) and Worku Awdie (2008) who exhibited 
that as seeding rate increased, correspondingly straw yield increased due to higher stand number at crop 
establishment period. Similarly, the increase in straw yield with increase in seeding rate was also reported by 
previous researchers (Bellatore, et al., 1985 and Kumpawt, 1998). Moreover, Seleiman et al. (2010) confirmed 
that increasing seeding rates up to 350 or 400 grains m
-2
 increased grain, straw and biological yields.  
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Table 3.3: Effect of seeding rate and row spacing on yield and yield related parameters of bread wheat at 
Yebo in 2015 main cropping season 
Treatments   GY(kg ha
-1
)      BY(kg ha
-1
)   SY(kg ha
-1
)   HI (%) 
Seeding rate (kg ha
-1
)     
100 3069.00
c
 9696.30
c
 6627.30
b
 31.69
c
 
125 3716.30
b
 10343.70
c
 6627.40
b
 35.80
ab
 
150 4462.10
a
 11721.10
b
 7259.00
b
 38.15
a
 
175 4246.10
a
 12754.50
a
 8508.4
a
 33.27
bc
 
Sign. Difference *** *** *** ** 
SE+ 214.65 426.88 295.66 1.24 
Row spacing(cm)     
20 4377.80
a
 11650.60
a
 7272.80 37.47
a
 
25 3690.10
b
 10970.50
b
 7280.30 33.67
b
 
30 3552.30
b
 10765.70
b
 7213.40 33.04
b
 
Sign. Difference *** * ns ** 
CV (%) 
SE+ 
9.70 
247.57 
6.93 
492.33 
9.93 
341.00 
9.83 
1.43 
Means with the same letter(s) in the same column and row of each trait are not significantly different at 5% 
probability level, * , ** & *** indicates significant at 5% , 1% and 0.1% probability level, respectively. ns= 
non-significant, CV (%) = coefficient of variation in percent, GY=grain yield, BY=biomass yield, SY=straw 
yield, HI= harvest index  
3.3.8 Harvest index 
 The ability of a cultivar to convert the dry matter into economic yield is indicated by its harvest index. The 
higher the harvest index value, the greater the physiological potential of the crop for the converting dry matter to 
grain yield. The analysis of variance showed that harvest index was statistically highly significantly (p<0.01) 
affected by seeding rate and row spacing. However, the interaction effect of seeding rate and row spacing was 
found insignificant. The highest harvest index (38.15%) was calculated at seeding rate of 150 kg ha
-1
 while 
lowest harvest index (31.69%) was recorded at the seeding rate of 100 kg ha
-1
 and was statistically lower than 
the seeding rate of 175 kg ha
-1
 (33.27%) (Table 3.3). Similar with the present finding, Iqbal et al.(2012) stated 
that highest harvest index obtained at seeding rate of 150 kg ha
-1
 as compared to 125 and 175 kg ha
-1
.  
Maximum harvest index (37.47%) was observed at row spacing of 20 cm while minimum harvest index 
(33.04%) was recorded at row spacing of 30 cm. However, it was statistically in parity with harvest index 
obtained in response to the spacing of 25 and 30cm (Table 4.3).  
This result is in line with the findings of Hussain et al. (2014) who stated that maximum harvest index 
at narrow row spacing while minimum harvest index was recorded at wider row spacing. Likewise, Hussain et al. 
(2012) found that higher harvest index was reported in 20 cm row spacing, but statistically similar with 25 cm 
row spacing in wheat crop. The same result also reported by Mondal et al. (2012) who found that the highest 
harvest index was observed in 20 cm row spacing in rice crop, but statistically similar with 25 cm row spacing. 
Harvest index had interrelationship with grain yield and above ground biomass yield that the highest harvest 
index was the result of greater grain yield. Lowest harvest index was mainly due to increased plant height and 
increased biomass yield excessively rather than grain yield which lead to decrease of harvest index.  
 
3.5 Correlation Analysis on Yield and Yield Related Parameters on Bread Wheat 
As it is indicated in Table 4.4 the correlation study among bread wheat agronomic parameters were quantified 
and strong correlation was observed between some of bread wheat yield components. Plant height has positive 
and significant correlation with effective tiller numbers (r=0.38) since there is competition for sun light under 
densely populated situation because of increased effective tiller numbers that may result taller plants. Spike 
length showed positive and significant correlation with number of kernels per spike   (r=0.60) and thousand 
kernel weight (r=0.39) (Table 3.4). Biomass yield positively and highly significantly correlated with effective 
tiller numbers (r=0.57) and plant height(r=0.76). Whereas Straw yield was very highly and positively correlated 
with biomass yield (r=0.89) and plant height(r=0.59) (Table 3.4).   
In this study Grain Yield showed positive and significant correlation with its components such as 
effective tiller numbers (r=0.78), biomass yield (r=0.77) and plant height (r=0.70). This means with increasing 
value of these parameters, grain yield increases as well and vice versa. Besides this, there was non-significant 
and positive correlation between grain yield and spike number (r=0.24). Whereas, there were negative 
correlations indicated among grain yield with spike length of bread wheat (r= -0.40), number of kernels per spike 
(r= -0.46) and thousand kernel weight (r= -0.59).  
Harvest index was positively and highly significantly correlated with grain yield (r=0.74) and effective 
tiller numbers (r=0.57). On the other hand, thousand kernel weight (r= -0.33) and straw yield (r= -0.33) were 
Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org 
ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online) 
Vol.7, No.4, 2017 
 
30 
negatively and significantly correlated with harvest index. 
Table 4.4: Correlation analysis of Bread wheat agronomic parameters  
 DTE DTH DTM PH ETN SL SN NKPS BY GY SY TKW HI 
DTE 1 0.05ns 0.53** 0.04ns -0.15ns -0.08ns 0.03ns 0.02ns -0.01ns -0.06ns 0.03ns 0.17ns -0.07ns 
DTH  1 0.46* -0.47* -0.27ns 0.49* -0.27ns 0.51* -0.59** -0.46** -0.53** 0.50* -0.12ns 
DTM   1 -0.67** -0.31ns 0.51** -0.23ns 0.47* -0.61** -0.57** -0.46* 0.41* -0.2ns 
PH    1 0.38* -0.73** 0.16ns -0.54** 0.76** 0.70** 0.59** -0.54** 0.30ns 
ETN     1 -0.24ns -0.004 
ns 
-0.24 ns 0.56** 0.78** 0.26 ns -0.51** 0.57** 
SL      1 -0.09 ns 0.60* -0.73 ns -0.40 ns -0.76 ns 0.39 ns 0.11 ns 
SN       1 -0.52* 0.31** 0.24** 0.27** -0.004* 0.06 ns 
NKPS        1 -0.64** -0.46** -0.59** 0.41* -0.05 ns 
BY         1 0.77** 0.89** -0.54** 0.14 ns 
GY          1 0.38* -0.59** 0.74** 
SY           1 -0.35* -0.33* 
TKW            1 -0.33* 
HI             1 
DTE=days to 50% emergence, DTH=days to 50% heading, DTM=days to 90% physiological maturity, PH=plant height,  
ETN=effective tiller numbers, SL=spike length, SN=spike number, NKPS=number of kernels per spike, BY=biomass yield,  
GY=grain yield, SY=straw yield, TKW=thousand kernel weight, HI=harvest index 
 
3.6 Partial Budgeting Analysis 
In the result of present study, the costs for the different seeding rates, labor cost for row making, drilling the seed 
and fertilizer application varied according to their rates and spacings requirements being other costs were 
constant for each treatment. In order to recommend the present result for the study area, it is necessary to 
estimate the minimum rate of return acceptable to producers in the recommendation domain. Based on partial 
budget analysis, the highest net benefit (28, 526Birr ha
-1
) was obtained from treatment combination of 150 kg ha
-
1
 seeding rate with 20 cm inter-row spacing while the lowest net benefit (18, 863Birr ha-1) was obtained from 
the combination of 100 kg ha
-1
 seeding rate with 20 cm inter-row spacing with only in one growing season 
(Table 3.5 and Table 3.6).  
According to CIMMYT (1988), the minimum acceptable marginal rate of return (MRR %) should be 
100%. The highest 5.2 value cost ratio (VCR) was obtained from the use of 150 kg ha
-1 
seeding rate and 20 cm 
inter row spacing followed by 5.0 and 4.5 value cost ratio which were recorded from seeding rate of 125 and 175 
kg ha
-1
 with 20 cm row spacing of each, respectively (Table 3.5). Therefore, the most attractive rates for small-
scale farmers of the study area with low cost of production and higher benefits in this case were 150 kg ha
-1
 
seeding rate and 20 cm inter-row spacing combination.  However, 125 kg ha
-1
 seeding rate with 20 cm inter-row 
spacing combination was also profitable with the highest net benefit and recommended as 2nd option. And also 
175 kg ha
-1
 with 20 cm inter-row spacing combination was also profitable with the highest net benefit and 
recommended as 3rd option. 
Table 3.5: Partial budget analysis as influenced by row spacing and seeding rate of bread wheat  
RS with 
SRT 
UAGY AGY UASY ASY TVC GB NB B: C 
20/100 3333.33 3000.00 6699.99 6030.00 4,730.00 23593.00 18863.00 4.0 
20/125 4577.78 4120.00 6718.52 6047.00 5,125.00 31259.00 26134.00 5.0 
20/150 4983.33 4485.00 6850.00 6165.00 5,520.00 34046.00 28526.00 5.2 
25/150 4236.36 3813.00 7445.45 6701.00 5,470.00 29572.00 24102.00 4.4 
20/175 4616.67 4155.00 8322.72 7490.00 5,915.00 32306.00 26391.00 4.5 
RS= row spacing (cm); SRT= seeding rates (kg ha-1); UAGY= unadjusted grain yield (kg ha-1); AGY= adjusted grain yield 
(kg ha-1); UASY= unadjusted straw yield (kg ha-1); ASY= adjusted straw yield (kg ha-1); TVC= total variable cost (Birr ha-
1); GB= gross benefit (Birr ha-1); NB= net benefit (Birr ha-1); B:C= benefit to cost ratio. 
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Table 3.6: Summary of partial budget analysis in bread wheat crop at yebo in 2015 cropping season 
Row spacing 
(cm) with 
seeding rate 
(kg ha-1) 
Total 
variable cost 
(Birr ha-1) 
Average 
grain yield 
(kg ha-1) 
Adjusted 
grain yield  
( kg ha-1) 
Average 
straw yield  
(kg ha-1) 
Adjusted  
straw yield  
( kg ha-1) 
Gross  
benefit 
(Birr ha-1) 
Net 
benefit 
(Birr ha-1) 
Benefit 
to Cost 
ratio  
(B:C) 
1. 20/100 4,730.00 3333.33 3000.00 6699.99 6030.00 23593.00 18863.00 4.0 
2. 25/100 5,530.00 3022.22 2720.00 6477.78 5830.00 21547.00 16017.00 2.8 
3. 30/100 5,330.00 2851.51 2566.00 6704.04 6034.00 20557.00 15227.00 2.8 
4. 20/125 5,125.00 4577.78 4120.00 6718.52 6047.00 31259.00 26134.00 5.0 
5. 25/125 5,925.00 3350.00 3015.00 6600.00 5940.00 23659.00 17734.00 2.9 
6. 30/125 5,725.00 3221.21 2899.00 6063.64 5457.00 22639.00 16914.00 2.9 
7. 20/150 5,520.00 4983.33 4485.00 6850.00 6165.00 34046.00 28526.00 5.2 
8. 25/150 5,470.00 4236.36 3813.00 7445.45 6701.00 29572.00 24102.00 4.4 
9. 30/150 5,420.00 4166.67 3750.00 7481.48 6733.00 29145.00 23725.00 4.3 
10. 20/175 5,915.00 4616.67 4155.00 8322.72 7490.00 32306.00 26391.00 4.5 
11. 25/175 5,865.00 4151.85 3737.00 8598.15 7738.00 29486.00 23621.00 4.0 
12. 30/175 5,815.00 3969.70 3573.00 8604.37 7744.00 28341.00 22526.00 3.9 
Cost of seed 15.80 Birr per kg; Planting Cost Birr 50 per person per day; Sale price of bread wheat grain Birr 
7.0 per kg; Sale price   of bread   wheat straw 0.43 Birr per kg,  
 
4. CONCLUSION AND RECOMMENDATIONS 
4.1 Conclusion 
From the present study it is possible to conclude that both seeding rate and inter row spacing affect most of yield 
and yield related traits of bread wheat. The results of the data indicated significant differences (p < 0.05) in all 
agronomic traits except days to emergence in response to the different seeding rates. Based on the result of this 
study, among four seeding rates the use of 150 kg ha
-1
 is superior in most of bread wheat agronomic traits such 
as effective tiller numbers, spike number per 1m row length, grain and biomass yield and harvest index than 100, 
125 and 175 kg ha
-1
.Therefore,  this study investigated and concluded that seeding rate of 150 kg ha
-1 
performed 
better and gave higher grain yield (4462.10 kg ha
-1
) and has 34.55 % grain yield advantage on average over the 
remaining three seeding rates. However, the highest seed per spike and thousand kernel weight were recorded in 
the lowest seeding rate (100 kg ha
-1
) even though the lowest seeding rates were not advantageous in many of 
yield and yield component traits. Since denser population is characterized by stronger inter plant competition for 
water, nutrients, and sunlight, the highest seeding rate (175 kg ha
-1
) also economically unacceptable.  
The results of the data also indicated significant variations (p < 0.05) in some agronomic traits in 
response to the different row spacings. Among others, effective tiller numbers, spike numbers, plant height, and 
grain yield were the major agronomic traits highly affected by the row spacing. In contrast, other agronomic 
traits such as days to emergence, days to heading, days to maturity, spike length, number of kernels per spike and 
straw yield were not significantly affected by the row spacing. Grain yield was increased within narrow row 
spacing as far as this work is considered. Among row spacings in this experiment 20 cm row spacing produced 
higher grain yield (4377.8 kg ha
-1
) as compared to 25 and 30 cm row spacings. Whereas all yield and yield 
components of bread wheat were not affected by the interaction effect of seeding rate and row spacing.  
 
4.2 Recommendations 
The present research finding showed that using of 150 kg ha
-1 
seeding rate and 20cm inter row spacing gave 
better grain yield (4462.10 kg ha
-1
and 4377.8 kg ha
-1
,
 
respectively) of bread wheat and can be recommended 
tentatively for the study area as the first option. On the other hand based on partial budget analysis 125 kg ha
-1
 
seeding rate with 20 cm row spacing and 175 kg ha
-1
 with 20 cm row spacing combination can be also 
recommended as 2
nd
 and 3rd option, respectively. However, to make reliable and acceptable recommendation it 
is better to repeat this experiment across locations and over seasons. 
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